Introduction {#S1}
============

Studies on regular physical exercise over the past 20 years have shown that it has a positive effect on mood of individuals who exercise regularly ([@B13]; [@B41]). In particular, supervised aerobic exercise, performed three times weekly at moderate intensity for a minimum of 9 weeks, was shown to be useful in the treatment of depression ([@B41]). Physical exercise may be a safe and effective addition to antidepressant therapy in late-life major depression ([@B34]). Although exercise is moderately effective for reducing symptoms of depression, when compared with psychological or pharmacological therapies, physical exercise does not appear to be more effective, although this conclusion is based on few small trials ([@B10]).

Regular physical exercise has enhanced and improved the subjective assessment of quality of life and happiness ([@B27]). It can also strengthen the motivation for achieving life's goals and taking control over one's personal life ([@B3]). Biological studies have shown that physical exercise can enhance serotonergic metabolism in mice ([@B21]). In humans, running long-term distance was associated with endorphin release and associated euphoria ([@B9]).

Although it is well established that physical exercise is beneficial, excessive exercise can be harmful both physically and psychologically. It has been suggested that individuals with compulsive physical exercise experience powerful withdrawal symptoms ([@B42]). Griffiths ([@B22]) argued that compulsive physical exercise may have features of other addictions, such as salience, mood modification, tolerance, withdrawal symptoms, conflicts with peers and other activities, and relapse after periods of abstinence. There is supporting evidence that physical exercise can serve the mechanisms of reward, habituation, social support, and stress-relief ([@B8]; [@B44]). Exercise addiction may result in physical, medical, financial, and social problems ([@B8]). Finally, individuals who are addicted to exercise will continue exercising regardless of physical injury, personal inconvenience, or disruption to other areas of life including marital strain, interference with work, and lack of time for other activities ([@B29]).

In a previous study, Weinstein, Gavriel, and Weinstein ([@B43]) have shown that ratings of compulsive physical exercise were positively associated with ratings of anxiety and depression among professional and recreational athletes. Second, professional athletes were more depressed than recreational athletes, but they did not show higher state or trait anxiety measures. Third, recreational athletes showed an association between compulsive exercise and depression ratings but not with ratings of state or trait anxiety. The authors have suggested that individuals who exercise regularly for recreational or professional purpose perform it for the means of alleviating the depression.

Exercise addiction also co-occurs with eating disorders ([@B16]). There is evidence that those who are addicted to physical exercise show problematic eating patterns ([@B20]). There is also an association between eating disorders and perception of body shape ([@B28]; [@B15]). It is therefore plausible that the association between exercise addiction and eating disorders is mediated by perception of body shape.

This study aims at investigating the association between exercise addiction, depression, and eating disorders. Second, it aimed to examine the moderating effects of type of sports (group vs. individual) and reward (amateur vs. professional athletes) on these associations. First, it was hypothesized that exercise addiction would be associated with depression and anxiety ratings, particularly among those who practice individual sports. Second, it was hypothesized that exercise addiction would be associated with abnormal eating attitudes, but that this association would be mediated by perception of body shape.

Methods {#S2}
=======

Participants {#S2a}
------------

There were 100 participants who were divided into four groups: (a) 25 participants who exercise amateur individual sport, (b) 25 participants who exercise individual sport professionally, (c) 25 amateur participants who exercise group sport, and (d) 25 participants who exercise group sport professionally. All participants were between 18 and 62 years of age (*M* = 28.33, *SD* = 8.38). The sample was recruited from an institute for physical education and sports through convenient sampling. The sample consisted of 65 males of mean age 28.77 (*SD* = 7.8) years and 44 females of mean age 27.49 (*SD* = 9.35) years.

Measures {#S2b}
--------

*Demographic Questionnaire* includes details, such as age, sex, personal status, number of children, country of birth, place of living, education level, and employment status.

*Beck Depression Inventory* (BDI) is a self-reported inventory measuring characteristic attitudes and symptoms of depression ([@B7]). The inventory includes 21 items in which each item is rated on a scale from 0 to 4. A total score is computed by summing the items. The BDI demonstrates high internal consistency, with Cronbach's internal reliability of α = .86 and α = .81 for psychiatric and non-psychiatric populations, respectively ([@B6]). In this study, the BDI had a Cronbach's internal reliability of α = .85. For the purpose of this study, depression was determined by an average score above 17 on BDI.

*Spielberger State-Trait Anxiety Inventory* (STAI) is a self-reported 40 items questionnaire; 20 items of Trait Anxiety Inventory and 20 items of State Anxiety Inventory ([@B40]). Scores are measured on a Likert scale range from 1 "*not at all*" to 4 "*agree very much*." Total score is computed by summing the items whereby higher scores indicate greater trait or state anxiety. The STAI had been validated with an average Cronbach's internal reliability of α = .88 ([@B40]). For the purpose of this study, general anxiety was calculated using the average score of Spielberger State Anxiety Inventory (SSAI) and STAI.

*The Exercise Addiction Inventory* (*EAI)* was validated by Griffiths, Szabo, and Terry ([@B23]) that showed a Cronbach's α  = .84. The EAI was highly correlated (*r* = .81) with the Exercise Dependence Scale ([@B14]; [@B26]) and with the Obligatory Exercise Questionnaire ([@B1]; [@B37]) (*r* = .80) and it has a repeated test reliability of *r* = .85. For the purpose of this study, exercise addiction was determined using an average score of above 4 on the EAI ([@B23]).

*The Eating Attitudes Test* (EAT; [@B19]) measures behavioral and cognitive symptoms that are typical for eating disorders. Score above 20 indicates high prevalence of symptoms that relate to eating disorder and that can predict pathology ([@B31]). The questionnaire had high internal validity and reliability indices of eating disorders in the general population and in different cultures ([@B19]; [@B18]; [@B24]). In anorexic patients, the Cronbach's internal reliability measure was α = .7 and in the control group it was α = .94 ([@B39]). In this study, the Eating Attitude Questionnaire had a Cronbach's internal reliability of α = .87. For the purpose of this study, the presence of eating disorder symptoms was determined by an average score of above 20 ([@B31]).

*Body Shape Questionnaire* (BSQ; [@B11]) has 34 items on a point Likert scale that measures body shape (range: 34--204). It was validated with 573 young women ([@B11]). In this study, Cronbach's internal reliability was α = .966.

Procedure {#S2c}
---------

All participants were recruited from the Wingate Institute for Physical Education and Sports in Israel. They have answered the following questionnaires by the Internet using Google docs.

Statistical and data analyses {#S2d}
-----------------------------

Data referring to gender differences in exercise addiction depression and anxiety measures were analyzed using a χ^2^ test. Comparisons between groups of athletes (professional vs. amateur athletes and individual vs. group athletes) were done using *t*-tests. Correlations between variables were done using Pearson's correlation tests. Multiple regression analysis was performed to investigate the effects of type of exercise, sex, depression and anxiety ratings, and abnormal eating attitudes on exercise addiction measures. In order to investigate body shape as a mediating variable, a Sobel test ([@B38]) was performed. The analysis of the results was performed on Statistical Package for Social Science (SPSS, Windows v.20; IBM Corp., Armonk, NY, USA) using *p* \< .05 threshold for statistical significance.

Ethics {#S2e}
------

The study was approved by the Institutional Review Board (IRB, Helsinki committee) of the University. All participants signed an informed consent form.

Results {#S3}
=======

Descriptive analysis showed 12.1% of exercise addiction among men and 20% among women and an average of 14.9% in this sample. Four out of 65 males and 3 out of 35 females had high BDI scores, with mean BDI scores of 1.17 (*SD* = 0.14) for athletes engaging in group sports, 1.54 (*SD* = 0.53) for athletes engaging in individual sports, 1.45 (*SD* = 0.49) for athletes engaging in professional sports, and 1.43 (*SD* = 0.52) for athletes engaging in amateur sports. Eating disorder was evident among 9.1% of men and 28.6% of women. There was no sex difference in frequency of exercise addiction, χ^2^(1) = 1.123, *p* = .29. There was no sex difference in frequency of depression, χ^2^ = 0.224, *p* = .64. Table [1](#T1){ref-type="table"} demonstrates questionnaire ratings in all participants.

###### 

Means and *SD*s of type of sports (group vs. individual) and type of sportsman (professional vs. amateur)

         Group   Individual           Professional   Amateur                                     
  ------ ------- ------------ ------- -------------- ----------- ------- ------- ------- ------- -------
  EAI    0.63    3.09         0.74    3.26           −1.20       0.64    3.26    0.74    3.10    1.12
  BSQ    0.58    1.43         0.90    1.87           −2.82\*\*   0.72    1.57    0.85    1.75    −1.09
  EAT    1.97    0.60         2.47    0.80           −3.55\*\*   0.75    2.23    0.76    2.24    −0.09
  STAI   63.72   14.82        71.43   23.77          −1.93       17.14   64.06   22.56   71.41   −1.84
  BDI    24.68   4.09         27.39   7.36           −2.25\*     5.81    25.76   6.52    26.45   −0.56

*Note. SD*: standard deviation; BDI: Beck Depression Inventory; STAI: State-Trait Anxiety Inventory; EAI: Exercise Addiction Inventory; EAT: Eating Attitudes Test; BSQ: Body Shape Questionnaire.

\**p* \< .05. \*\**p* \< .01.

The table shows that individual sports athletes scored higher than group sports athletes on the BSQ. In addition, individual sports athletes scored higher on the Eating Attitudes Scale compared with group sports athletes. Individual sports athletes had higher depression scores compared with group sports athletes. No significant differences were observed between the professional and amateur athletes.

The mean exercise hours per week among exercise-addicted athletes was 8.47 (*SD* = 5.99) and 8.42 (*SD* = 8.22) in the non-exercise-addicted. The mean exercise hours per week for athletes exercising in competitive sports was 8.21 (*SD* = 5.43) and was 8.65 (*SD* = 9.98) among amateur athletes. The results indicated that there was a positive correlation between ratings of exercise addiction and depression in all participants (*r* = .224, *p* \< .05). There was a marginal difference in depression ratings between athletes with exercise addiction who performed individual sports compared with those who performed group sports, *t*(1, 12) = 2.125, *p* = .054. There was no difference in depression ratings between athletes with exercise addiction who were amateur sportsmen and those who were professional sportsmen, *t*(1, 13) = 0.07, *p* = .95. There was no correlation between exercise addiction and SSAI (*r* = .66, *p* = .15) and STAI (*r* = .59, *p* = .18).

A multiple regression analysis assessing the contribution of age, type of sport (individual vs. group), purpose (professional vs. amateur), general anxiety, depression, eating disorder, and body shape on the dependent variable of exercise addiction showed that only eating disorder contributed significantly to scores of exercise addiction \[*F*(1, 99) = 8.28, *p* \< .05, (β = 0.278, *R*^2^ = .077)\] and it explained 7.7% of ratings of exercise addiction.

In order to test the second hypothesis that perception of body shape would be a mediating variable between abnormal eating attitudes and exercise addiction, we have performed a hierarchical linear regression with ratings of eating disorder and perception of body shape as independent variables and ratings of exercise addiction as a dependent variable. The regression analysis showed that eating disorder contributed significantly to ratings of exercise addiction (β = 0.278, *p* \< .05) and that perception of body shape contributed significantly to ratings of exercise addiction (β = 0.216, *p* \< .05). A second linear regression was performed with perception of body shape ratings as an independent variable and eating disorder ratings as dependent variable. Body shape ratings significantly contributed to ratings of eating disorder (β = 0.77, *p* \< .01). After entering body shape as a mediating variable between eating disorder and exercise addiction, the contribution of exercise addiction to eating disorder became non-significant (β = 0.112, *p* = .07). According to the Sobel test, the difference in the association between exercise addiction and eating disorder was significant (*Z* = 2.16, *p* \< .05). Therefore, body shape is a mediating factor with strength of mediation of 0.116.

Discussion {#S4}
==========

This study has investigated the association between exercise addiction, depression, anxiety, and eating disorders. We have replicated a previous finding by Weinstein et al. ([@B43]) of an association between exercise addiction and depression. It is already established that physical exercise can enhance positive affect ([@B41]). It is therefore difficult to explain how an initially pleasurable activity can be associated with depression. One possible explanation is that the exercise-addicted individual may feel a lack of control over physical exercise and that they suffer from withdrawal symptoms when they are unable to exercise ([@B43]). Furthermore, exercise-addicted individuals have to increase or enhance their exercise activity in order to obtain euphoria or feeling of "high" and that may result in conflict with family life, work, and social life ([@B16]). The intensity of physical exercise may also result in feelings of loneliness, lack of new social experiences, and enjoyment from a non-physical activity all of which may lead to depression.

The majority of studies investigating the prevalence rate of depression among athletes have been conducted with college athletes. The prevalence rate of depression among college athletes ranges from as low as 15.6% to as high as 21% ([@B46]; [@B47]). However, there has been a general lack of consistency in the findings ([@B45]). It is well established that symptoms of exercise dependence are positively associated with mood deterioration and the length of involvement in physical activity ([@B2]; [@B8]). Mood states can play a role in either the development or maintenance of exercise dependence ([@B12]). Individuals who are addicted to physical exercise are more depressed, anxious, tense, confused, and angry after missing a workout ([@B2]; [@B8]; [@B25]). Negative mood states and intensive exercise can be factors that can increase exercise dependence ([@B8]; [@B12]; [@B25]). The finding of an association between exercise addiction and depression has clinical and practical implications for athletes who may need to be screened and monitored for their mood. Although there is evidence that physical exercise can reduce depressive symptoms ([@B5]; [@B100]; [@B35]; [@B36]), the negative effects of compulsive physical exercise need to be investigated as well.

This study failed to find an association between exercise addiction and trait anxiety unlike the result reported by Weinstein et al. ([@B43]). This may be due to the lack of a sufficient sample. We have also found only a marginal difference in depression between exercise-addicted individuals who practice individual compared with group sports. It was assumed that group sports may have social benefits and that it may reduce loneliness and depressive symptoms among exercise-addicted individuals. It is plausible that due to a small number of exercise-addicted individuals in this study, the effect of type of sport was not significant. Second, we have not found any differences in depression between amateur and professional exercise-addicted individuals possible due to the variability of the different sportive activity in our sample.

The association between exercise addiction and eating disorders has been established earlier ([@B20]; [@B16]; [@B33]). Exercise addiction is often secondary to eating disorder when individuals try to lose weight using medication, vomiting, or self-starvation ("athletic anorexia"). It can be the primary addiction when individuals try to improve performance and exercise to lose weight without having an eating disorder ([@B16]). Lichtenstein, Christiansen, Elklit, Bilenberg, and Støving ([@B30]) have found that exercise-addicted individuals scored higher on eating disorder symptoms compared with non-addicted individuals but not as high as eating disorder populations. They have argued that although exercise addiction is separate to an eating disorder, it shares some of the concerns of body and performance.

The results of this study confirm a moderate association between exercise addiction and abnormal attitudes toward eating. This finding has clinical implications since the occurrence of both eating disorder and exercise addiction often results in focusing on the eating disorder, as the main problem and exercise addiction remain untreated. The individual does not gain weight due to enhanced physical exercise ([@B16]). We therefore argue that in the case of comorbid eating disorder and exercise addiction, both disorders should be treated simultaneously. Otherwise, the addicted individual will continue to suffer from symptoms of exercise addiction and he/she will not gain weight due to excessive exercise and this will result in a persistent impairment in daily function.

In this study, it was found that the mediating variable of body shape was necessary to establish the association between abnormal eating attitudes and exercise addiction. The association between body shape and eating disorders has already been established ([@B15]; [@B28]). This finding points out to the complexity of this association and may have clinical implications for both exercise addiction and eating disorders. The attitudes and feelings about body shape lie in the core of body image. Changing the subjective evaluation of body shape may play an important role in treatment of both disorders.

We have found no sex differences in exercise addiction and depression in our sample. These negative findings are compatible with the literature that indicates that there is no sex difference in negative addiction exercise symptoms ([@B17]). Modoio et al. ([@B32]) confirmed that there have been no differences in the development of negative addiction exercise symptoms in males and females and that there have been no changes in the quality of life and mood of these athletes. However, ratings of depression were higher in females compared with males in their study. Interestingly, we have found no difference in the number of hours spent on physical exercise between addicted and non-addicted individuals, suggesting that this variable is not indicative of addiction.

Limitations {#S5}
===========

This study attempted to compare different types of physical exercise such as amateur versus professional sports and individual versus group sports. Due to a small number of addicted individuals in each cohort, the differences were marginal and non-significant. A larger sample that would be limited to a particular sport may improve the possibility of detecting differences between the various sports. Although the variable of body shape has been established as playing an important role in both eating disorders and physical exercise, further studies need to establish and validate this connection.

Conclusions {#S6}
===========

This study has established the association between exercise addiction, depression, and eating disorders. The results may have clinical implications for the treatment of these disorders. If untreated, exercise addiction may remain detrimental to those who want to feel happy but end up lonely and miserable.
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